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ABSTRACT: The aim of the study was to explore genetic 
relationship among milk yield, body condition score (BCS) 
and pregnancy status (PR) in Italian Holstein cows using a 
recursive effects model. Two recursive models and a 
multiple-trait model were compared in four different 
subsets of data. The antagonistic effect of milk yield on 
BCS and PR was confirmed, as well as the positive 
relationship between BCS and PR. Recursive effects of 
BCS on PR was moderate, the strongest occurred between 
80-110 DIM, and consist in 0.85% of probability for a cow 
to be pregnant for an extra point of BCS (i.e. form 2.5 to 
3.5). The direct causal effect of MY on BCS was weak and 
increased during lactation, reaching -0.10 point of BCS for 
additional 10kg/d of milk (170-201 DIM). 
Keywords: body condition score; milk yield; fertility; 
structural equation model 
 

Introduction 
 

 Since 2005 the Italian Holstein Friesian Cattle 
Breeders Association adopted a multiple-trait model 
(MTM) to perform the genetic evaluation for female 
fertility. The MTM considered both direct fertility traits and 
correlated traits, i.e. angularity and milk yield (Biffani et al. 
(2005)) In 2007 data of body condition score (BCS) were 
introduced in the Italian linear type traits classification 
program and in December 2013 the genetic evaluation of 
bulls for BCS became official. Despite efforts to curb the 
negative trend of reproductive performances of cows, the 
selection for fertility could be improved, and BCS could 
help to improve the selection for increased fertility. The aim 
of the present work was to explore genetic relationships 
among milk yield (MY), BCS and pregnancy status (PR) in 
Italian Holstein cows using a recursive effects model, 
which allows to account for causal relationships among 
traits.  

 
Materials and Methods 

 
Data. The Italian Holstein Friesian Cattle Breeders 

Association started to collect BCS since July 2007. Routine 
recording considers a single measure on first-parity cows on 
a scale of 1 (thin) to 5 (fat) with increments of 0.25 
(Battagin et al. (2013)). For the present study, production 
was measured as daily milk yield (MY, kg/d) averaged over 
a period from calving to 15 days after BCS evaluation. For 
instance, if a cow was scored for body condition 90 days 
after the first parity, all test-day records up to 105 days of 
lactation were averaged. Fertility was measured as PR of 
the cow at the moment of BCS evaluation. Data of 
conception was calculated subtracting gestation length (280 

days) to the second parity calving date. Thus, all cows for 
which conception occurred before BCS evaluation were 
classified as “1” (pregnant) at time of scoring, whereas 
cows that were not pregnant at the time of body condition 
scoring or that didn’t have a second calving was classified 
as “0” (not-pregnant). Each cow was required to have a 
lactation length of at least 180 days, the first test-day record 
within 85 day from first calving, at least 2 test day records 
with a maximum distance of 85 days from each other. Cows 
were divided in 4 groups, based on stage of lactation at 
which the BCS was measured: from 40 to 71 days, from 80 
to 111 days, from 130 to 161 days and finally from 170 to 
201 days. Cows belonging to each subgroup were required 
to be sired by the same group of AI bulls of other 
subgroups, reared in the same groups of herds and calved in 
the same years-months of other. For each effect considered 
in the model at least 2 records per level were required. After 
editing, a total of 121,818 cows from 1,745 herds, sired by 
1,472 AI bulls and scored for body condition from July 
2007 to January 2014 were retained for subsequent 
analyses. The number of cows was 28,642 for 1st subset, 
33,832 for 2nd subset, 32,211 for 3rd subset and 27,133 for 
4th subset. 

 
Model. To account for causal association between 

traits, two different 3-traits multivariate recursive models 
for each subgroup were used, namely M1 and M2. For PR a 
threshold model was used. The general structure of models 
is: 

 
𝐲 = 𝛌𝐲 +  𝐗𝐛 + 𝐙𝐡𝐡 + 𝐙𝐬𝐬 + 𝐞 

 
Where 𝐲 is a vector containing observations for MY, 
BCS and PR; 𝛌 is a 3x3 matrix of structural coefficients 
with the following form for M1: 
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And the following form for M2: 
 

𝛌𝑴𝟐 = �
𝟎 𝟎 𝟎
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The vector b included fixed effects of week of lactation (4 
levels) and year-month of calving for all traits (73 levels) 
for the three traits: classifier (33 levels) and age at scoring 
(21 levels) only for BCS; age at calving for PR and MY; h 
is the vector of herd effect, s that of sire additive genetic 



effect; and e the vector of residuals. X, 𝐙𝐡  and 𝐙𝐬  are 
incidence matrices of appropriate order. In order to 
compare variance components, a classical multiple-trait 
model (M0) under no causal assumption was also 
considered. The form of M0 is the same of M1 and M2, 
except for the matrix of structural coefficient assumed in 
this case as an identity matrix.  

Analyses were implemented in a Bayesian 
framework using the software SIRBAYES (Wu et al. 
(2007); Lopez de Maturana et al. (2009)). Prior 
distributions for lambda coefficients were assumed to be 
multivariate normal. The random effects h, s and e were 
assumed to be normally distributed, with null means and to 
be mutually uncorrelated. Genetic effect s where correlated 
between relatives and had a variance matrix G⊗A, where A 
was the numerator relationship matrix and G was the sire 
covariance matrix. Non-genetic effects h and e were 
uncorrelated between animals, with variance H and R, 
respectively. To allow comparison between recursive 
models and the classical one, the estimated covariance 
matrix of M1 and M2 was transformed using the following 
form: V*n = Λ-1

n Vn Λ’-1
n, where V indicates the parameters 

G, H, and R; n indicates the model (M1 or M2). 
Hertiabilities and genetic correlations were calculated from 
the (co)variance components in G* and R*. Structural 
coefficients were sampled using the Metropolis-Hastings 
algorithm. For each model, 60,000 iterations were run, 
discarding the first 10,000 as burn-in and retaining 1 every 
10 samples for inferences. Posterior means and 95% 
Highest probability density intervals were calculated on the 
remaining 5,000 samples. 

 
Posterior analysis of structural coefficient. The 

hypothetical recursive relationships existing between MY 
and BCS and the liabilities to PR, are expressed in liability 
units. Multiplying 𝛌𝑷𝑹←𝑴𝒀  and 𝛌𝑷𝑹←𝑴𝒀  by a scale factor 
(Wu et al. (2008)) is possible to interpret the structural 
coefficient as the probability of having a pregnant cow as 
MY or BCS increases or decreases by one unit. 

 
Results and Discussion 

 
Means and standard deviations for the three traits 

by subgroup of DIM are reported in Table 1 and reflected 
the variation existing during the lactation. The higher mean 
value of MY (31.72 kg/d) occurred in the second subgroup 
of DIM, when the peak of lactation occurs. Body condition 
score had the lowest value in the first subgroup with an 
average value of 2.87. After that BCS slowly increased and 
reached 3.06 point of mean in the last subgroup. On the 
three traits, PR showed the highest variation across 
subgroups. In the first period of lactation (40-71 DIM) the 
mean of PR was 0.08, with less than 10% of cows pregnant 
at the day of scoring, which confirm the bad reproductive 
performance of Holstein cows. In the next phases the ratio 
between pregnant/not pregnant improved, but only in the 
last subgroup (170-201 DIM) more than half of cows were 
pregnant. 

Table 1: Descriptive statistics for milk yield (MY, kd/d), 
BCS and pregnancy status (PR) by subgroup of DIM. 

DIM  MY BCS PR 

40-71 
mean 31.15 2.87 0.08 
std 5.68 0.41 0.28 

80-111 
mean 31.72 2.93 0.28 
std 5.52 0.42 0.45 

130-161 
mean 31.69 3.00 0.45 
std 5.35 0.43 0.50 

170-201 
mean 31.25 3.06 0.54 
std 5.18 0.44 0.50 

 
Posterior means of heritabilities and genetic 

correlations for each model and each subgroup calculated 
from G and R for M0 and from G* and R* for M1 and M2 
are reported in Tables 2 and 3. Heritability values were 
similar in the four subgroups of DIM and across models. 
Values for MY (ranging from 0.152 to 0.174) and BCS 
(ranging from 0.104 to 0.123) were lower than the official 
ones (Interbull (2014)), but comparable with the within-
herd heritabilities estimated by Battagin et al. (2013) which 
were obtained from a similar dataset. Heritabilities of PR 
ranged from 0.042 to 0.071 and were comparable to those 
estimated by Biffani et al. (2005) for the official traits 
included in the Italian selection index for fertility. Genetic 
correlations (Table 3) confirmed previous finding on the 
antagonism between MY and BCS or PR, and the positive 
genetic correlations between BCS and PR. There was 
variation in the strength of genetic correlations across 
subgroups of DIM, but posterior mean of one subgroup fell 
within HPDs of others.  

 
Table 2: Posterior means of heritabilities for milk yield 
(MY, kg/d), BCS and pregnancy status (PR) by 
subgroup of DIM and from different models. 

Model Trait 
Subgroup of DIM 

40-71 80-111 130-161 170-201 

M0 

MY 0.139 0.149 0.174 0.152 

BCS 0.104 0.123 0.116 0.110 

PR 0.046 0.060 0.042 0.071 

M1 

MY 0.138 0.149 0.174 0.152 

BCS 0.104 0.123 0.116 0.110 

PR 0.042 0.056 0.042 0.070 

M2 

MY 0.138 0.145 0.170 0.144 

BCS 0.104 0.123 0.116 0.110 

PR 0.042 0.052 0.042 0.066 
 
 



Table 3: Posterior means of genetic correlations (rg) 
between milk yield (kg/d, MY), BCS and pregnancy 
status (PR) by subgroup of DIM and from different 
models. 

Model rg 
subgroup of DIM 

40-71 80-111 130-161 170-201 

M0 

MY-BCS -0.322 -0.359 -0.431 -0.422 

MY-PR -0.498 -0.434 -0.231 -0.320 

BCS-PR 0.335 0.430 0.374 0.341 

M1 

MY-BCS -0.315 -0.344 -0.422 -0.420 

MY-PR -0.508 -0.414 -0.224a -0.319 

BCS-PR 0.314 0.338 0.272 0.246 

M2 

MY-BCS -0.288 -0.254 -0.313 -0.266 

MY-PR -0.500 -0.390 -0.211a -0.301 

BCS-PR 0.309 0.308 0.262 0.223a 
a HPD95% region include 0, where HPD is the highest 
posterior density. 

 
Figure 1 shows the causal effect of BCS on PR. 

The probability for a cow to be pregnant for each additional 
point of BCS (i.e. from 2.5 to 3.5) increases from 0.67 to 
0.85% (M1) and from 0.55 to 0.72% (M2). The strongest 
causal effect of BCS on PR occurs between 80-110 DIM, 
when the recursive effect of MY on BCS is not included in 
the model (M1, 0.85%) In the analysis of the same 
subgroup of data (80-110 DIM), with M2, which accounted 
for the causal effect of MY on BCS, the causal effect 
remained significant but decreased to 0.72%. Figure 2 
shows the causal effect of MY on PR, which at the 
beginning of lactation was not different from zero. From 
130 days the direct causal effect of MY on PR was positive, 
albeit weak: the increment of 10kg/d of milk yield 
increased from 0.10 to 0.15% the probability that a cow 
would get pregnant. The causal effect of MY on PR needs 
further investigation, considering that the genetic 
correlation between those traits were not different from 0 
(M1 and M2 of Table 3). Milk yield had a causal and 
negative effect on BCS (Figure 3): every 10kg/d of milk 
produced the BCS would be reduced from -0.02 (40-70 
DIM) to -0.10 (170-201 DIM). 

 
Figure 1: Estimate of recursive effect of BCS on 
pregnant probability by subgroup of DIM and by 
model. 

 

Figure 2: Estimate of recursive effect of 10 kg/d MY on 
pregnant probability by subgroup of DIM and by 
model. 

 
a HPD95% region include 0, where HPD is the highest 
posterior density. 
 
Figure 3: Estimate of recursive effect of 10 kg/d MY on 
BCS by subgroup of DIM. 

 
 

Conclusion 
 

The antagonistic effect of MY on BCS and PR was 
confirmed, as well as the positive relationship between BCS 
and PR. Recursive effects of BCS on PR was moderate, and 
reached strongest effect between 80-110 DIM. The direct 
causal effect of MY on BCS was weak and increased during 
lactation. Further investigation on direct causal effect of 
MY on PR is required. 
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